In order to protect brokers from customer defaults in a volatile market, an active margin system is proposed for the transactions of margin lending in China. The probability of negative return under the condition that collaterals are liquidated in a falling market is used to measure the risk associated with margin loans, and a recursive algorithm is proposed to calculate this probability under a Markov chain model. The optimal maintenance margin ratio can be given under the constraint of the proposed risk measurement for a specified amount of initial margin. An example of such a margin system is constructed and applied to 26, 800 margin loans of 134 stocks traded on the Shanghai Stock Exchange. The empirical results indicate that the proposed method is an operational method for brokers to set margin system with a clearly specified target of risk control.
Introduction
Using securities as collateral to get credit from a broker is called buying on margin or margin lending. This transaction gives investors the possibility to buy more stocks than normal and in that way increases profits or losses (Fortune 2000 , 2001a ,b, Ricke 2003 . Margin lending had been prohibited in China between 1996 and 2009, because of the absence of regulation and high default rates on both of the Shanghai Stock Exchange (SSE) and Shenzhen Stock Exchange (SZSE).
However, margin lending was officially allowed at both of the exchanges on March 31, 2010. The development of Chinese margin lending markets motives this research for risk measurement and margin setting for margin lending transactions. Article submitted to Some Journal; manuscript no. January 21, 2011 Although margin lending provides the possibility to make financial markets more efficiently, it has been regarded as a source of instability of stock markets for a long time. In the 1920s, the brokers in the United States would lend as much as 90 percent of the money that customers needed to purchase common stocks, leaving only 10 percent equity margin to cushion declines in stock prices. When the stock market started to plummet, many individuals received margin calls. They had to deliver more money to their brokers or their shares would be sold. Since many individuals did not have the equity to cover their margin positions, their shares were sold, causing further market declines and further margin calls. Galbraith (1954) , Hsieh and Miller (1990) indicated that low margin requirement was one of the major contributing factors which led to the Stock Market Crash of 1929, which in turn contributed to the Great Depression. Therefore the reduction in the frequency of margin calls under an acceptable level of risk may be beneficial to the stability of stock market. In order to restrain the level of speculation and protect investors and brokers, the United States Congress gave the Federal Reserve System the power to control margin requirements in 1934. The initial margin requirement was changed 22 times between 1934 and 1974, and it has been fixed at 50% since 1974. Shiller claimed in a Wall Street Journal article that the stock market crash of 1987 and the stock market boom in the late 1990s led to calls for the return to an active margin policy which sets a minimum equity position on the date of a credit-financed security transaction (Shiller and Bartlett 2000, Ricke 2003) . On the other hand, Bartlett argued that although the adjustment of margin policy can not impact the volatility of stock market, brokers should set their own house margins to react to the changes of stock market, which can protect themselves from customer defaults on margin loans (Shiller and Bartlett 2000, Fortune 2001b ). Therefore the purpose of this paper is not to manage the volatility of stock prices, nor to restrain the level of speculations in stock market, but to construct a model that can be used by a broker to set margin requirements with a clearly specified target.
The margin system of Chinese margin lending markets is composed of initial margin requirement, maintenance margin requirement and mandatory liquidation, which is the line of defence for the Huang, Wan and Chen: An Active Margin System for Margin Lending Transactions Article submitted to Some Journal; manuscript no. January 21, 2011 3 brokers against the risk associated with the transactions of margin loans. Argiriou (2009) pointed out that although supervising authorities give recommendations or limits for margin requirements, there is no information on how these recommendations are derived. In order to construct a model that can be used by a broker to set margin requirements with a clearly specified target, an alternative risk measurement is proposed in this paper. It is supposed that investors will default whenever they receive their first margin calls. Pursuant to the regulations of the SSE and SZSE, brokers must sell the collaterals within two trading days, when investors do not meet their margin calls.
Considering the uncertainty in market value of collateral to be liquidated, it is not known whether the margin lending transaction can make a positive profit until mandatory liquidation takes place.
From this point, the risk of a margin lending transaction can be described by the probability of negative return under the condition that the first margin call has been issued, which is called the conditional probability of negative return (CPNR) in the following sections. The stop-loss function of mandatory liquidation is taken into account to measure the risk of margin lending transactions.
The value of CPNR is determined by two types of factors. One is the margin system, including the amount of initial margin and the required maintenance margin ratio. The second is the market situation, including the current stock price, riskless interest rate, rate of margin loan, and the historical evolution of stock prices. The value of CPNR may vary frequently with the changes of stock prices under an invariant margin system, whose requirements of initial and maintenance margin ratios are unchanged to different market situations. In order to control the risk faced by brokers below an acceptable level, the optimal initial and maintenance margin requirements should be active with respect to the changes of stock market. CPNR provides a possibility to manage the risk exposure of brokers through a well-designed margin system. For a particular market situation, those margin systems with the same value of CPNR are called indifference margin systems. The optimal margin system with respect to some specified purposes, such as minimizing opportunity cost, minimizing the rate of default, minimizing the frequency of margin calls and other purposes involved in practice, can be found in the indifference set deduced from the constraint of CPNR. Using CPNR as the risk measure, the resulted margin system can Huang, Wan and Chen: An Active Margin System for Margin Lending Transactions 4 Article submitted to Some Journal; manuscript no. January 21, 2011 be explained more comprehensibly than those margin systems just following the recommendations of authorities.
In order to calculate the value of CPNR, a mathematical model of stock price is needed. The geometric Brownian motion is used to construct margin system for futures market (Figlewski 1984) , however, whose normality assumption is found to be inappropriate for stock prices (Warshawsky 1989 ). The extreme value theory (EVT) is another favorable model to set margin system of futures market, including Booth et al. (1997) , Cotter (2001) , Broussard (2001) and the references therein.
On the other hand, stock returns are found to be autocorrelated by Famma and French (1988) , Poterba and Summers (1988) , Jegadeesh (1991) and other authors, which can not be described by EVT due to its basic assumption that stock returns are independent and identically distributed (i.i.d.) . Another popular working model is GARCH model, such as Lam et al. (2004) and the references therein. However, Cotter (2001) documented that the fat tail of returns is usually ignored by GARCH model. In order to describe the movements of stock price process without those distributional assumptions, a simple Markov chain model is adopted in this paper, and a recursive algorithm for CPNR is proposed in the following sections.
In order to investigate the performance of the margin system deduced by CPNR, an example of such a margin system is constructed in this paper, which is chosen from the indifference set with CPNR=0.05 using a least squares method. The resulted margin system is applied to 134 stocks listed in the SSE 180 Index, where 200 margin loans with 30-day period are constructed for each stock to test the prudentiality of margin system. A stock is said to pass the out-of-sample test, when its frequency of negative returns among those 200 margin loans is less than or equal to 0.05.
There are 119 stocks which pass the out-of-sample test in our empirical investigations 1 .
A more detailed analysis is applied to those 119 stocks which have passed the out-of-sample test.
Under the proposed margin system, the average initial margin ratio of 23, 800 = 119 × 200 margin
1 The prices used in the empirical investigations are downloaded from the website of SSE, and the last date of the sample is April 30, 2010. There are more 8 stocks which can pass the out-of-sample test, when the sample size used to estimate the transition matrix is increased from 800 to 1,500. Among the remaining 7 stocks, there are still 4 stocks which can not pass the test even under the margin system recommended by the stock exchanges, due to the abnormal price movements. The rest of this paper is organized as follows. The risk measurement for Chinese margin lending market is discussed in section 2, and the algorithm to realize this risk measurement is given in section 3. A relatively simple margin system is proposed under the constraint of CPNR in section 4. The performance of the proposed margin system is investigated in section 5. The discussions and conclusions are given in section 6.
Risk Measurement

Margin System in Chinese Market
Pursuant to the regulations of the SSE and SZSE, an amount of initial margin must be deposited to broker on the date of margin lending transaction. The ratio of the initial margin to the market value of the stocks purchased by the loan is called initial margin ratio, which should be larger than or equal to 50%, the minimum initial margin ratio determined by the two stock exchanges and CSRC.
Initial margin and all of the stocks purchased by the loan are kept in the account of collaterals.
The ratio of the market value of collaterals to the market value of the loan is called maintenance 
Conditional Probability of Negative Return
In order to explain in detail the idea of risk measurement for margin lending transaction, a simple margin loan is constructed in this paper, where the initial margin deposited to broker is only cash without other securities, and there is only one share of stock purchased by the loan. Let Q 0 denote the amount of initial margin, and P i denote the market price of the purchased stock on the ith trading day (i = 0, 1, 2, · · · , T ), where T is the expiration date of the loan. The market value of the initial margin can be divided into two parts on the ith trading day, i.e.
where r is the risk free one-day interest rate, Σ i is the required amount of initial margin, and L i is the remaining margin after fulfilling the requirement of initial margin. The market value of the loan on the ith day is
where R is the one-day loan interest rate.
Let m 0 denote the initial margin ratio on the date of margin lending transaction, i.e.
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where P 0 is the market value of the loan on the date of transaction, which is the same as the stock price on the same date. And w is the required minimum maintenance margin ratio. The following proposition can be used to determine whether the initial margin is adequate on the date of transaction.
Proposition 1. Let m 0 be the initial margin ratio on the date of transaction, and w denote the required minimum maintenance margin ratio, then the initial margin is adequate iff
Otherwise, investor should deposit more margin to broker to fulfill the requirement of maintenance margin.
Remark 1. Fortune (2000) showed that the aggregate amount of debit balances at brokerdealers per dollar of potential margin debt never exceeded 50% between 1985 and 2000 in the U.S.
market. This observation indicates that the amount of initial margin deposited by investors on the date of transactions are much more than the required minimum amount determined by the authorities. Therefore we focus on the amount of initial margin to measure the risk associated with a margin lending transaction, rather than the required minimum initial margin ratio in the following sections.
When the requirement of maintenance margin is fulfilled on the date of transaction, the amounts of the required margin and the remaining margin satisfy the following proposition before the first margin call.
Proposition 2. Let w denote the required minimum maintenance margin ratio, P i denote the closing stock price on the ith day, R denote the one-day loan interest rate, r denote the one-day riskless interest rate, and Q 0 be the amount of initial margin, then the amounts of the required margin and the remaining margin satisfy
Remark 2. The time of margin call is determined by the amount of remaining margin. From
Proposition 2, we can find that the amount of remaining margin is determined by several factors, including the amount of initial margin Q 0 , minimum maintenance margin ratio w, market value of the loan on the date of transaction P 0 , two interest rates r and R, and the evolution of stock prices during the period of the loan. The required minimum initial margin ratio is not one of the key factors to determine the time of margin call.
When there is no more remaining margin, broker must issue a margin call, i.e.
where τ is the stopping time of the first margin call during the period of the loan, i.e.
The condition of first margin call can be rewritten as
Pursuant to the regulations of the SSE and SZSE, collaterals should be liquidated within two trading days, if investors do not meet their margin calls. For simplicity, it is supposed that investors would default whenever they receive their first margin calls, and the mandatory liquidations take place within one trading day in the following sections, i.e.
where τ * is the date of mandatory liquidation. After liquidation, the return of a margin lending transaction is
Huang, Wan and Chen: An Active Margin System for Margin Lending Transactions Article submitted to Some Journal; manuscript no. January 21, 2011 9 which is negative when the following condition is satisfied
The conditional probability of negative return (CPNR) can be denoted as
where Prob {N |C} denotes the probability of N under the condition that C has happened. If the interest rate of the loan is set to be the same as the riskless interest rate for simplicity, the formula of CPNR can be rewritten as
which is the definition of CPNR to be used in the following sections.
CPNR and Risk Control
From (15) we can find that CPNR is a function of several factors, including the amount of initial margin Q 0 , current stock price P 0 , minimum maintenance margin ratio w, riskless interest rate r, and the historical dynamics of the stock prices. Suppose the margin system is an invariant system, whose requirements of initial and maintenance margin ratios are unchanged to different market situations. Let m denote the invariant initial margin ratio, and the amount of initial margin deposited by the investor is Q 0 = mP 0 , then the conditional probability of negative return is
From (16) we can find that the value of CPNR is determined by the current stock price P 0 and the historical evolution of stock prices under this invariant margin system, which means that the risk faced by brokers in their margin lending transactions is dynamic with respect to the changes of stock prices. In order to control the risk to an acceptable level, an active margin system is needed in the practice of margin lending transactions.
The risk of margin lending transaction can be explained more intuitively with the help of CPNR.
For example, CPNR equals to 0.05, which means that if the broker issues 100 margin calls for
Article submitted to Some Journal; manuscript no. January 21, 2011 the margin loans under the same market situation, there are at most 5 times that he/she yields a negative return after mandatory liquidation, due to the protection of margin system. It is more possible to have a negative return when the value of CPNR becomes larger. The value of CPNR can be controlled through the adjustment of Q 0 and w, which gives the possibility to manage the risk associated with margin lending transactions by a well designed margin system.
As an alternative risk measurement, CPNR does not only take into account the potential losses of investors during the period of loans, but also emphasize on the market value of collaterals and the stop-loss function of mandatory liquidation, which is different from those risk measurements for futures market, where the margin systems are designed to cover the potential losses in the next trading day.
CPNR under Markov Chain
Construction of Markov Chain
The value of CPNR will be calculated under a Markov chain model in the following sections. A Markov chain is a random process that jumps from one state to another, whose next state depends only on the present state. In order to construct a Markov chain model, the space of states must be identified, and the probabilities of transitions must be estimated from the historical observations of the chain. The daily closing prices are used to finish these two tasks in the following sections.
A relatively simple method is used to reconstruct the Markov version of stock price process in this paper. The observed price data are sorted in order of increasing, and every g different prices are regarded as one state, where g is called the number of a group in this paper. And the sample size used to construct the Markov chain model is called the depth of memory. In order to estimate the transition probabilities more accurately, a larger sample size is needed for a fixed g. However, when more historical data are used to reconstruct the evolution of stock prices, the events which had happened a long time ago will disturbance the prediction of current tendency. There should be a trade off between the estimation of transition probabilities and the prediction of future tendency.
The depth of memory to be used in the following sections is 800.
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The estimation of transition probability is more straightforward when the state space is fixed.
Suppose there are n elements in the state space, denoted as {s 1 , s 2 , · · · , s n }, the probability of transition from the ith to the jth state after one step is estimated bŷ
where f ij is the observed number of transitions from the ith to the jth state after one step, and
f ij is the total number of stock prices falling into the ith state. The one step transition matrix can be estimated by
Denote P(n) the n-step transition matrix, which can be estimated by
where the chain has been supposed to be stationary.
An example of transition matrix is given in Figure 1 , where the closing prices of SH600018
between July 18, 2007 and November 12, 2010 are used to estimate the one step transition matrix.
From this figure we can find that all of the entries of the transition matrix are concentrated around the diagonal line, which means that the state of the next price is always closed to the state of the previous one. This observation can be regarded as the evidence of Markov property of stock prices.
Test for Markov Property
Billingsley (1961) documented several statistics for Markov chain, where a test for the null hypothesis that the process {X 1 , X 2 , · · · , X N +1 } is an i.i.d. sequence within the hypothesis that it is a first-order Markov chain was discussed in detail 2 . Suppose there are n elements in the state space, a statistic χ 2 is given by whose asymptotical distribution is a chi-square distribution with (n − 1) 2 degrees of freedom, where
An example of test for Markov property is given in 
Stopping Time and CPNR
The event that the broker issues a margin call for the first time during the period of the loan is denoted as
and the margin lending transaction brings the broker a negative return after mandatory liquidation is denoted as
The conditional probability of negative return (15) is rewritten as
provided that the denominator is non zero. On the other hand, when the denominator is zero, the value of CPNR is also zero following its definition. In order to calculate the value of CPNR, the numerator and denominator should be calculated respectively.
where i = 1, 2, · · · , T . And let B i denote the event that the broker issues the first margin call on the ith day during the loan period, such that B i B j = ∅ if i = j. The probability of the broker to issue a margin call for the first time during the period of the loan can be calculated by the following proposition.
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Proposition 3 (A recursive algorithm for Prob {B}). Suppose the current stock price P 0 belong to the state s h , where h ∈ {1, 2, · · · , n}, then the probability that the broker issues a margin call for the first time during the period of the loan is given by
where
and
m = 2, · · · , t, and k m is the largest state index which satisfies
where q k is the representative price level for the kth state.
Remark 3. Prob {B t } can be calculated in a recursive manner. Suppose the previous conditional probabilities have been calculated, i.e.
is known, then the only new probability needed for Prob {B t } is
which is given by Proposition 3. The remaining probability of (29) is
which can be used to calculate Prob {B t+1 } in the next step.
If Prob D t−1 = 0, the price process has entered a state where the broker should issue a margin call with probability one, such that there is no possibility for the broker to issue the first margin call in the following days, therefore the probabilities Prob {B j } must be zeros for j = t, t + 1, · · · , T .
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Proposition 4 (A recursive algorithm for Prob(AB)). Suppose the current stock price P 0 belong to state s h , then the probability that the two events A and B have happened simultaneously is given by
where a t is the largest state index which satisfies
Active Margin System
Individualized Maintenance Margin
Fortune (2000) showed that there is a great gap between the amount of margin debt outstanding and the maximum allowed margin loans between 1985 and 2000, where margin account owners do not use nearly 60 percent of their debt capacity. This observation indicates that the amount of initial margin deposited by investors is much more than the requirements of authority. On the other hand, the more the initial margin is, the less risk the margin lending transaction is. In order to encourage investors to deposit more initial margin, and to compete with other brokers, the maintenance margin ratios should be relatively smaller for those investors with more initial margin to reduce their requirements of maintenance margin and frequencies of margin calls.
With the help of CPNR, it is possible to construct an individualized margin system for the investor with a specified amount of initial margin. For an individual investor with initial margin
Article submitted to Some Journal; manuscript no. January 21, 2011 Q 0 , the least maintenance margin ratio w * (Q 0 ) which satisfies the constraint of CPNR can be used as the required maintenance margin ratio for this investor, which is called the individualized maintenance margin ratio. When the amount of initial margin deposited by investor satisfies the condition of Proposition 1 with respect to the individualized maintenance margin ratio, it is said to be adequate under the constraint of CPNR, otherwise the investor should deposit more initial margin to fulfill the requirement of maintenance margin.
Deduced Margin System
In order to give an example of margin system deduced from the constraint of CPNR, an active margin system is constructed and applied to Chinese margin lending market in the following sections. The amount of initial margin is specified by the value of initial margin ratio, which is chosen from 0.01 to 1 with step length 0.01, and the ith ratio is denoted as m i , i = 1, 2, · · · , 100.
The minimum maintenance margin ratio which satisfies the constraint of CPNR with respect to Q i = m i * P 0 is denoted as w i , which is the optimal one that minimizes the opportunity cost of the loan with respect to the same initial margin. The resulted margin system is denoted as a pair of numbers (m i , w i ), i = 1, 2, · · · , 100.
For a particular value of CPNR, such as CPNR = 0.05, there are several margin systems which satisfy the constraint of CPNR and Proposition 1 with 1 < w i ≤ 1.5, denoted as (m i , w i ), i = 1, 2, · · · , q, where q is the total number of those indifference margin systems. A specified principle is needed to choose an optimal margin system from the set of indifference margin systems. In order to give an alternative margin system which can be used to compare with the recommended margin system, a least squares method is adopted in this paper. In other words, the optimal margin system (m * , w * ) should solve the following problem
The resulted margin system (m * , w * ) is called the deduced margin system, and the margin system recommended by CSRC and the two exchanges is called the required margin system in the following sections. 
Dynamics of Margin System
In order to explain the dynamics of deduced margin system, an example is given in this subsection. From Figure 2 , it can be found that the deduced initial and maintenance margin ratios vary with respect to the changes of stock prices. This observation indicates that when the dynamics of Article submitted to Some Journal; manuscript no. January 21, 2011 market prices is taken into account, the resulted margin system should be active with respect to the changes of stock prices. And it can be found that the deduced initial margin ratios are likely to increase before the declines in stock prices. On the other hand, the deduced initial margin ratios are likely to decrease, when there is an upward tendency of stock price movement, such as the situation between the 25th and 30th days. Those observations are consistent with the conclusions about how the margin policy should look like from a theoretical point of view in Ricke (2003) .
Empirical Analysis of Chinese Market
Design of Out-of-Sample Test
For the margin loan traded on a specified date, 800 prices just before the current date are used to construct the Markov chain and the margin system, where the number of a group is chosen to be 25, and the period of the loan is 30 days in this paper. 30 prices following the current date are used to test whether the loan is protected by the margin system. Whenever a margin call is issued during the period of the loan, collaterals are supposed to be liquidated within one trading day, and the margin system is said to pass the out-of-sample test when the return of the broker is nonnegative after mandatory liquidation. In our empirical investigations, 200 margin loans are constructed for each stock, and a stock is said to pass the out-of-sample test when its frequency of negative returns among those margin loans is less than or equal to the specified value of CPNR.
As the sample size needed in this paper is at least 1030, the stocks used in the empirical investigations should be listed before 2007. There are 134 stocks in the SSE 180 Index which have been trading since 2007, among which 119 stocks pass the out-of-sample test in our empirical investigations with CPNR=0.05. There are more 8 stocks which can pass the test when the sample size used to construct the Markov chain is increased from 800 to 1,500. In order to investigate the performance of deduced margin system with the same depth of memory, the empirical investigations in the following subsections are limited to those 119 stocks which have passed the out-of-sample test, using 800 historical data to construct the Markov chain model. Notes. 12 statistics of initial margin ratios are observed for each stock, including the minimum value, maximum value, mean, and 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% quantiles respectively. And the minima, maxima, mean, and 70%, 80%, 90%, 95% quantiles are reported for each statistic respectively.
Initial Margin Ratio
As 200 margin loans are constructed for each stock, there are 200 observations of initial margin ratios for every stock under consideration. In order to investigate the distributional properties of those initial margin ratios, a quantile analysis is applied to the observations. 12 statistics are observed from the initial margin ratios of each stock, including the minimum value, maximum value, mean, and 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% quantiles respectively, therefore there are 119 observed values for each statistic. A quantile analysis is also applied to the observations of each statistic, including the minima, maxima, mean and 70%, 80%, 90%, 95% quantiles respectively.
The results are reported in Table 2 .
From Table 2 , we can find that the minima of the statistic minimum is 27%, and its maxima and mean are 57%, 49% respectively. The 70% quantile of those observed minimum initial margin ratios is 50%, which means that there are only 30% stocks considered in this paper whose minimum initial margin ratios are larger than or equal to 50%, which is the recommended minimum value by the Article submitted to Some Journal; manuscript no. January 21, 2011 Notes. 12 statistics of maintenance margin ratios are observed for each stock, including the minimum value, maximum value, mean, and 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% quantiles respectively. And the minima, maxima, mean, and 70%, 80%, 90%, 95% quantiles are reported for each statistic respectively. stock exchanges and CSRC. The mean values of those 9 observed quantiles are distributed between 54% and 62%, which indicates that the initial margin ratios for most of the stocks considered in this paper are larger than 50% under the deduced margin system.
Maintenance Margin Ratio
A similar quantile analysis is applied to those observed statistics for maintenance margin ratios.
The minimum value, maximum value, mean and 9 quantiles are observed for each stock respectively, and the distributional properties of each statistic are investigated through their minima, maxima, mean, and 70%, 80%, 90%, 95% quantiles respectively. The results are reported in Table 3 .
From Table 3 , we can find that the average of those observed means is 121%, which is smaller than the recommended value 130% given by the two Chinese stock exchanges and CSRC. The 90% quantile of those observed 50% quantiles is 130%, which indicates that there are only 10% stocks considered in this paper whose 50% quantiles of maintenance margin ratios are larger than 130%. And the 80% quantile of those observed 80% quantiles is 131%, which indicates that the maintenance margin ratios for most of the stocks considered in this paper are below 130% under the deduced margin system.
Numbers of Margin Calls
Mandatory liquidation is the last defence line against the risk associated with transactions of margin lending, however, frequent margin calls may destabilize stock prices, therefore the numbers of margin calls under the two types of margin systems are investigated in this subsection. There are 200 margin loans for each stock considered in this paper, and the numbers of loans which have to meet a margin call are calculated for each stock under the required and the deduced margin systems respectively. A quantile analysis is applied to the observed numbers, and the results are reported in Table 4 .
The observations under the required margin system are reported in the line of Required Margin, and the results under the deduced margin system are reported in the line of Deduced Margin respectively. From Table 4 , it can be found that the mean of the 119 observed numbers of margin calls is 22.30 under the required margin system, which indicates that there are averagely 22.3 margin calls among 200 margin loans for each stock. And its counterpart under the deduced margin system is 0.97, which indicates that there are averagely only 0.97 margin calls among 200 margin loans for each stock. It can be concluded that the number of margin calls under the deduced margin system is much less than its counterpart under the required margin system.
It is notable that the frequencies of negative returns under these two types of margin systems are
Article submitted to Some Journal; manuscript no. January 21, 2011 both less than or equal to 5% for those stocks considered in this subsection, therefore the reduction in the frequency of margin calls under the deduced margin system is under an acceptable level of risk, which may be beneficial to the stability of stock market.
Cost of Margin Loan
The cost of a margin loan is the terminal time value of the initial margin and the additional capital deposited to broker to meet all of the margin calls during the period of the loan. The cost of a margin loan is determined by the amount of initial margin, market value of the loan, Huang, Wan and Chen: An Active Margin System for Margin Lending Transactions Article submitted to Some Journal; manuscript no. January 21, 2011 23 required maintenance margin ratio, riskless interest rate, and the evolution of stock prices during the period of the loan. There are 200 margin loans for each stock considered in this paper, and a similar quantile analysis is applied to the observed costs under the two types of margin systems respectively. Table 5 reports the results of quantile analysis. The elements in the first row of each statistic are the observations under the deduced margin system, and the second row are those observations given by the required margin system. The last value of each block is the relative differences (RD) between those two 95% quantiles with respect to the corresponding values under the required margin system. Those observed RDs indicate that the average cost of each margin loan under the deduced margin system is about 10% larger than its counterpart under the required margin system.
Therefore it can be concluded that the frequency of margin calls is reduced by at least 90% with more 10% cost under the deduced margin system. Fortune (2000) showed that there is a great gap between the amount of margin debt outstanding and the amount investors are maximally able to borrow between 1985 and 2000, where the margin account owners do not use nearly 60 percent of their debt capacity. This observation indicates that the amount of initial margin that investors deposit to their brokers are much more than the required amount of the authorities, therefore the more 10% cost under the deduced margin system than its counterpart under the required margin system is acceptable in practice.
Discussions and Conclusions
The margin system for margin lending transactions in China is composed of initial margin requirement, maintenance margin requirement and mandatory liquidation, which is the line of defence against the risk associated with the transactions of margin lending. In order to react to the changes of stock prices, and to protect brokers from customer defaults with a clearly specified target of risk control, an active margin system is proposed in this paper, where the conditional probability of negative return (CPNR) is used to measure the risk faced by brokers. The resulted margin system can be individualized for the investors with different amounts of initial margin.
An example of active margin system is given in the previous sections, which is chosen from an indifference set of margin systems with the same value of CPNR by a least squares method.
The resulted margin system is applied to the margin loans of 134 stocks listed on the SSE. There are 119 stocks which pass the out-of-sample test, where 200 margin loans with a 30-day period are constructed for each stock. In order to investigate the distributional properties of initial and maintenance margin ratios, numbers of margin calls, and the costs of margin loans, a quantile analysis is applied to those observations from the stocks which have passed the out-of-sample test.
It is found that the initial margin ratios under the deduced margin system are generally larger than 50%, which is consistent with the observations that the initial margins deposited by investors are generally larger than the recommended values of the authorities. And the maintenance margin ratios are generally less than 130%, which is the value of minimum maintenance margin ratio recommended by CSRC and both of Chinese stock exchanges. The average cost of margin loans under the deduced margin system is 11.1% larger than its counterpart under the required margin system, while the corresponding frequencies of margin calls are reduced 95.7% under the deduced margin system with respect to its counterpart under the required margin system. Those empirical investigations indicate that the idea of CPNR can be used to set an operational margin system for margin lending transactions.
CPNR is an idea of risk measurement focusing on the market value of collaterals and the stop loss function of mandatory liquidation, which may be realized under several candidates of working models, such as the geometric Brownian motion, fractional geometric Brownian motion, and the GARCH models etc.. And the method used to reconstruct the Markov version of stock prices is relatively simple in this paper. Those topics about the working models will be left for further research.
Appendix. Proof of the Main Results
Proof of Proposition 3 Notice that B i ∩ B j = Ø, if i = j, and B = T i=1 B i , we have
Prob(B i ). 
Let k m denote the largest state index which satisfies k m = max {k ∈ {1, 2, · · · , n} : q k < (wP 0 − Q 0 )(1 + r) m } ,
where q k is the representative price level for the kth state. Let s h denote the state of the current stock price, Prob(B 1 ) = Prob(D 1 ) 
which finishes the proof of Proposition 3.
Proof of Proposition 4
From the definition of A, B, and B i , we have the following formula
Prob (AB i ) .
And from the definition of B i , D i and the Markov property of stock price, we have
Prob D i |D i−1 Prob (A|D i ) .
If 1 ≤ i ≤ T − 1, we have
p hj (i)p jl (1)
where a i is the state index which satisfies a i = max k ∈ {1, 2, · · · , n} : q k < (P 0 − Q 0 ) (1 + r) i .
